Background and objectives: While dermatoscopy
INTRODUCTION
Dermatoscopy is known to improve diagnostic accuracy for pigmented skin lesions, 1,2 keratinocytic cancers 3 and nonpigmented skin lesions in general. 4 Difficulties can arise when nonpigmented raised benign lesions have the feature of surface keratin, this having been described as one of the diagnostic clues to squamous cell carcinoma (SCC) and keratoacanthoma (KA). 3 This is because surface keratin can obscure other possible dermatoscopic clues to SCC and KA (white circles and white structureless areas).
Normal keratin in the stratum corneum can retain the dyes in sunless tan products, and the preferential retention of such products by seborrhoeic keratoses has been described. 5 This study investigated whether retention of 5% povidone-iodine, in the commercially available formulation of Betadine TM (Purdue Pharma L.P., Stamford, CT, USA), is useful in distinguishing benign from malignant, raised nonpigmented lesions with surface keratin, where clinical diagnosis is equivocal.
MATERIALS AND METHODS
The study was performed on lesions encountered in the practice of one primary care skin cancer practitioner in Brisbane, Australia, between June 2014 and January 2017. All histopathology slides in the prospective set were independently evaluated by a certified dermatopathologist. In seven cases, the diagnosis was revised (three from benign to malignant and four from malignant to benign), and in each of these cases, the changed diagnosis was checked and corroborated by another certified dermatopathologist.
In a retrospective pilot study clinical, close-up and dermatoscopic images were collected of raised nonpigmented lesions which had substantial white surface keratin and which were scheduled for biopsy with a provisional or differential diagnosis of SCC or KA, where the diagnosis was suspected but not confident. The selection criteria excluded patients with any known or suspected iodine allergy and patients who did not sign a consent form. Lesions without significant white keratin on the surface were excluded, as were lesions for which a diagnosis of SCC or KA could be made with confidence due to the presence of additional compelling dermatoscopic clues such as white circles. White keratin was defined as clearly lighter in colour than the colour of applied povidone-iodine.
Dermatoscopic images were taken with a DermLite DL3 dermatoscope (3Gen, LLC) in polarised contact mode without immersion fluid, coupled to an Olympus E-450 camera (Olympus Corporation, Shinjuku, Tokyo, Japan). After an initial dermatoscopic image povidoneiodine was applied with a gauze swab, dabbed with a dry swab to remove excess product, and a second dermatoscopic image taken. The lesion was then lavaged with a solution of 70% ethanol in water applied from a spraybottle, five sequential applications applied with the lesion dabbed with a dry swab between each. Immediately following this lavage process, a third dermatoscopic image was taken. After exclusion of lesions which resolved before excision biopsy (15 cases), there were 57 cases in the retrospective set. The lesions which resolved, most presumed to be KA, were used as a training set for the image readers.
Ethics approval was obtained (approval number 2015000566, University of Queensland, Australia).
For the purpose of the study, the following diagnoses were regarded as malignant: SCC, KA, intraepidermal carcinoma (IEC or SCC in situ), actinic (solar) keratosis (AK) and all lesions containing any partial component of these entities. Other lesions (seborrhoeic keratosis, inverted follicular keratosis, wart and comedo) were regarded as benign. For the purposes of statistical analysis, the single comedo was included as a wart.
Evaluation of dermatoscopic images
Images were evaluated on a single day by three dermatoscopists. Images were presented on a large screen as PowerPoint slides in 16:9 format with an initial pair of images showing the original dermatoscopic image on the left and the postlavage povidone-iodine dermatoscopic image on the right. A second PowerPoint slide showed the prelavage povidone-iodine image on the left and the postlavage image on the right. Figure 1 Density curves for the retrospective set for the analyses of each of the three readers. The curves depict the probability that benign (green) and malignant (red) cases are found at a certain step 1 values. Readers 1 and 2 almost never rated benign cases to have values below 50; in all readers, the probability of a benign case compared to malignant is highest above a value of 80. e34 M Rizk et al.
As
Step 1, readers were asked to rate the percentage of surface area of the white keratin with any persistent yellow staining after lavage compared with the original dermatoscopic image. As Step 2, readers were asked to rate as a percentage, the overall degree of yellow staining postlavage compared to the degree of staining immediately after povidone-iodine application.
For the prospective set, each reader was blinded to the histology data and to the other two readers.
Statistical analysis
To detect a difference in proportion of retained povidoneiodine staining from 50% to 80% with a power of 0.8 and alpha 0.05, it was estimated that 30-50 cases per group would be needed. Receiver operating characteristics (ROC) curves were calculated with pooled ratings in both steps in the retrospective data set.
All statistical calculations were performed with R Statistics 6 using packages pROC (v1.10.0), irr (v0.84) and epiR (v0.9-91). Because of the low number of primary studies (n of raters = 3), we refrained from meta-analyses for odds ratio (OR) and ROC curve calculations but used pooled measurement values of all raters. A two-sided P-value of <0.05 was regarded statistically significant.
RESULTS
The 57 lesions in the retrospective set were from 44 patients with a mean age of 70.7 years (range 48.4-90.4), 38.6% were female. Of these lesions, 61.4% (n = 35) were malignant (SCC n = 11; KA n = 9; IEC n = 12; AK n = 3) and 38.6% (n = 22) were benign (seborrhoeic keratosis n = 21; wart n = 1).
The area under the curve (AUC) for both step 1 and 2, did not differ significantly (P = 0.47). Multivariate logistic regression together with anatomic location data, gender and rater, showed Step 1 was a significant predictor of malignancy (P = 0.006) but not
Step 2 values (P = 0.4). In further analyses, both Step 1 and 2 were highly correlated (Pearson's correlation 0.74; P < 0.001), suggesting one of both variables should be dropped. To find the more applicable step, we searched for interrater reliability through intraclass correlation in the prospective set. Intra-class correlation was excellent for Step 1 (ICC = 0.77), but only fair in Step 2 (ICC = 0.55); therefore, further analyses were proceeded with Step 1 only. Within the retrospective set,
Step 1 values were Figure 3 Images of four lesions which had a benign histological diagnosis. First column: clinical images; second column: dermoscopic image; third column: immediately following povidone-iodine application; fourth column: after lavage. The study (step 1) compared the area of retained povidone-iodine staining after lavage (column 4) to the original dermatoscopic image (column 2). Each of these lesions was rated by all readers as having residual staining greater than 80%. 2) compared to benign cases (mean 78.5, 95% CI 72.6-84.4; P < 0.001). To find the optimal cut-off, we performed an analysis of the best threshold on the ROC curve which was calculated to be exactly 80. Lesions were regarded 'povidone-iodine negative' (i.e. 'probably malignant') with
Step 1 values ranging from 0 to 80, the OR for those lesions to be truly malignant in the retrospective set being 4.03 (95% CI 2.1-7.6). The density curves for each of the three readers, plotting the probability of Step 1 at all possible values in malignant and benign cases, are shown in Figure 1 . The ROC curve with confidence intervals for the retrospective set is shown in Figure 2 (left) with the optimal cut-off point of 80. The AUC was 0.7 (95% CI 0.62-0.78). The 117 lesions in the prospective set were from 83 patients with a mean age of 72.4 years (44.4-94.2), 30.1% were female. Of these lesions, 69.2% (n = 81) were malignant (SCC n = 18; KA n = 17; IEC n = 20; AK n = 26) and 30.8% (n = 36) were benign (seborrhoeic keratosis n = 20; wart n = 15; comedo n = 1).
In the prospective set, we calculated the AUC of the ROC curve as shown in Figure 2 (right). The AUC was 0.62 (95% CI 0.55-0.68). The OR for 'povidone-iodine negative' lesions to be truly malignant in the prospective set was 2.3 (95% CI 1.4-3.7). The classic diagnostic metrics for every reader separately, with 'povidone-iodine' at cut-off 80 as the only predictor, are shown in Table 1 , in which, while other metrics were less impressive, the Positive Predictive Value (PPV) was consistently high (76.8-78.6%).
DISCUSSION
While keratin enclosed in the horn cysts of seborrhoeic keratoses typically remains white, the keratin exposed in open crypts and comedos becomes pigmented secondary to oxidative melanisation. 7, 8 Considering this and the observation that povidone-iodine tended to run off the keratin overlying SCCs at the time of preparation for surgery, while remaining on the surface of adjacent seborrhoeic keratoses, we hypothesised that the structural difference between the keratin overlying malignant and benign lesions would influence povidone-iodine retention. The fact that the keratinisation of malignant keratinocytic lesions is most often in the form of parakeratin and compact orthokeratin, contrasting to the basket-weave orthokeratin which typically overlies seborrhoeic keratoses 9 provided a plausible mechanism for our hypothesis.
What was initially regarded as a paradoxical result was the trend for warts covered by white surface keratin, and therefore suspicious for the diagnosis of SCC, to have low povidone-iodine retention. In the prospective set, there were 15 such warts (42% of the total benign lesions), speculated to be covered with keratin secondary to traumatic irritation, of which 10 were rated as having low povidoneiodine retention with a resulting malignant prediction. Review of the dermatopathology provided a likely explanation, with the keratin over warts more often being in the form of parakeratin in columns, alternating with compact orthokeratin.
Our selection criteria were strongly biased in favour of equivocal lesions because a discriminatory test is of no practical use when the diagnosis of SCC, KA or seborrhoeic keratosis can be made confidently.
The study on the retrospective set showed a significant difference in povidone-iodine retention between malignant and benign lesions with an AUC of 0.70 using continuous values of Step 1, and an OR of 4.03 (95% CI 2.1-7.6) at a cut-off of 80. Correspondingly, in the prospective set, low povidone-iodine retention was also, albeit less markedly, associated with malignancy with an AUC of 0.62, an OR of 2.30 (1.4-3.7) and a consistently high PPV metric with each reader. Examples of cases in the study are shown in Figure 3 
CONCLUSION
We suggest that the significant results from the retrospective set, combined with the actual, but less marked results from the prospective set, justify further studies. A larger prospective study, possibly with exclusion of warts, based on other, yet to be defined morphological criteria, could be useful to further evaluate the efficacy of low povidoneiodine retention as a test for malignant status of raised nonpigmented lesions with white surface keratin. In the meantime, it seems reasonable to suggest that while all raised nonpigmented lesions with significant white surface keratin should be considered for biopsy, those with high povidone-iodine retention, or with alternative morphological criteria to suggest a diagnosis of wart, could be biopsied by less radical methods, while those with low povidone-iodine retention would ideally be managed by therapeutic excision.
